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b Si and Ge data are from arXiv:physics/0606168, which is consistent with the numbers in Crystran Ltd datasheets. AlN data is from Ref. [50] . GaAs data is from Crystran Ltd datasheet. InP data is from Ref.
[51].
SUPPLEMENTARY NOTE
Thermal instability
When light is coupled into a whispering-gallery mode resonator, the absorption of photons causes an increase in temperature which induces a resonance frequency shift. This resonance frequency shift comes from a change in optical path length with temperature and has two contributions:
• The temperature-dependent refractive index ;
• Thermal expansion the cavity radius .
It can be easily shown that the temperature-dependent resonance wavelength can be A very important aspect is that the thermo-refractive index change and thermal expansion can happen on very different time scales. Thermo-refractive index change depends on the relative temperature of the optical mode volume and is nearly instantaneous to heating by absorption;
for thermal expansion the whole resonator radius has to be taken into account, which means the time scale is defined by the speed of heat conduction to the inner part of the resonator.
Therefore, thermal expansion can be regarded as a slower effect compared to thermo-refractive effect. This is especially the case in crystalline resonators, since the radius of the cavity is in general much bigger than the radius of the optical mode. If dn/dT and α have opposite signs like in CaF 2 resonators, when the pump laser is set at a fixed frequency near the resonance, a thermal instability in the form of a reoccurring drop and rise in transmission is observed (Supplementary Figure S1 (a) ). This "blinking" behaviour means the cavity mode is drifting back and forth with respect to the fixed pump laser frequency, so the pump laser oscillates between in-and out-ofresonance with time. Therefore, materials with opposite signs of dn/dT and α like CaF 2 do not allow for thermal self-locking and active locking scheme or injection locking is needed to lock the laser frequency to the cavity mode. However, active locking schemes such as PoundDrever-Hall technique are usually limited to rather low pump power, and in this way one loses one degree of freedom to control and stabilize the comb.
A similar oscillatory dynamics of a high-Q PDMS-coated silica microtoroid is reported in Ref.
[41] where the observed dynamics is explained by two competing thermal effects of different time constants. Here similar argument can also be used to model and simulate the oscillatory dynamics in resonators with opposite signs of dn/dT and α. The simulation is based on three coupled differential equations of two temperatures and (one of the mode volume and the other of the cavity on average) and the intra-cavity power . The two temperatures are functions of heat diffusion (with different time constants and ) and intracavity power, whereas the intracavity power is a function of the laser detuning and thermal resonance shift:
where Δ denotes the laser detuning. If 1 stands for slow thermal expansion and 2 for fast thermo-refractive effect, in the simulation we estimate the ratio of time constants to be , which corresponds to . We also assume that the ratio The coefficients b 1 and b 2 correspond to the resonance frequency shifts per Kelvin and the ratio can be approximated by . The linewidth κ is normalized to one.
Supplementary Figure S1 (b) shows the simulated cavity transmission as a function of time, which shows good agreement with the observed dynamics.
